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Background: The management of prosthetic joint infection is complex and there is a lack of standardisation of
approaches. We evaluated the role of plain film radiography in predicting prosthesis failure after the first stage of a
two-stage revision procedure in a retrospective case–control study.
Methods: Plain films for 41 patients aged 46 to 87 years (mean 69) were assessed by two musculoskeletal specialist
radiologists for seven features (retained or new metalwork, retained cement or restrictor, new fracture, local
antimicrobial delivery system and drain) we hypothesised may predict for failure. Inter-observer agreement was
assessed by Kappa score and logistic regression analysis was performed to evaluate the relationship of the seven
radiological features adjusting for patient age, gender and number of previous revisions.
Results: There was substantial inter-observer agreement, with a Kappa score of 0.73 (95% CI 0.72-0.74) for all data
points collected. Concordance was 100% for evaluating the presence or absence of an antimicrobial delivery system
or drain, with lower consensus for evaluating cement (Kappa 0.60, 95% CI 0.35-0.84) and fractures (Kappa 0.59, 95%
CI 0.31-0.87). None of the variables’ conditions significantly predicted failure.
Conclusions: Our findings support the opinion that surgical expertise which maximizes removal of foreign material
is sufficient in conjunction with antibiotic therapy.
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Prosthetic joint infection (PJI) is a miserable complica-
tion of surgery that was undertaken to improve quality
of life, and management requires skilled decision mak-
ing. PJI occurs in up to 2% of primary hip and knee
arthroplasties [1,2] although reporting rates vary. Suc-
cessful management of PJI requires eradication of
infection and restoration of joint function. The “gold
standard” management for complex cases has been ad-
vocated as two-stage revision [3,4], consisting of removal
of as much prosthetic material and cement as possible,
followed by a prosthesis-free period with adjuvant intra-
venous/oral antibiotic therapy before a new prosthesis is
sited, although excellent outcomes from single stage* Correspondence: susie.dunachie@ndm.ox.ac.uk
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unless otherwise stated.revisions are achievable in selected patients with favourable
characteristics [5]. In two-stage revision plain film X-ray
imaging post removal of the infected prosthesis is current
practice, but there are limited data on its role in predicting
for failure after re-implantation. Our unit, a national
referral centre for prosthetic joint infection, provided
an ideal setting for such a study, using a registry of
patient characteristics and outcomes [6]. We therefore
conducted a retrospective case–control study of pros-
thetic joint infection cases managed by two-stage revi-
sion at our unit, to evaluate the role of plain film
imaging post first-stage.Methods
Study population
Cases and controls with at least 6 months of follow-up
data were identified from the registry of patients undergo-
ing two-stage revision surgery for prosthetic joint infectionral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain




Figure 1 (See legend on next page.)
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Figure 1 Post first-stage radiographs were examined for the presence or absence of the following seven features: retained metalwork (not
shown), new metalwork (Figure 1a), retained cement (Figure 1b), retained restrictor (a radio-opaque plug inserted in the medullary canal
during prosthesis placement to restrict the area of cement, Figure 1c), new fracture (Figure 1d), local antimicrobial delivery system
(for example gentamicin loaded beads, Figure 1e) and drain (Figure 1f).
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related contact with patients. In response to our enquiry,
our institutional review board (Oxfordshire Research Ethics
Committee) advised informed consent and ethical approval
was not required. All activity was conducted in accordance
with the Declaration of Helsinki, and national and institu-
tional standards. Prosthetic joint infection was defined as
patients having a clinical syndrome of arthroplasty infection
(any of persistent inflammation in the tissues around the
implant, wound discharge or implant loosening) with one
or more of the following: bacterial growth of an indistin-
guishable organism from two or more deep periprosthetic
tissue samples; histology of periprosthetic tissues indicative
of infection; or a persistent sinus tract.
Patients were managed by a specialist multi-disciplinary
team including orthopaedic surgeons and infectious dis-
eases physicians. All patients underwent intra-operative
sampling in multiple of infected material for microbiology
and histology at the first stage (removal of infected pros-
thesis). Antibiotic therapy was as described previously [6].
Briefly, patients received empirical intravenous meropenem
and vancomycin post-operatively and the antibiotic therapy
was rationalized once microbiological culture results were
available. Patients received six weeks of intravenous therapy
as the gold standard and had a minimum of two weeks
without antibiotics prior to second stage. Despite most pa-
tients having a minimum of two weeks without antibiotics
prior to first-stage surgery, culture-negative results were
common in this cohort [6]. Coagulase negative staphylo-
cocci were the micro-organisms most frequently isolated,
followed by Staphylococcus aureus and diptheroids. We
analysed the post first-stage radiographs for seven described
and novel criteria that we hypothesized may predict for
failure. The presence or absence of the following seven
features was assessed: retained metalwork (not shown),
new metalwork (Figure 1a), retained cement (Figure 1b),
retained restrictor (a radio-opaque plug inserted in the me-
dullary canal during prosthesis placement to restrict the
area of cement, Figure 1c), new fracture (Figure 1d), local
antimicrobial delivery system (for example gentamicin
loaded beads, Figure 1e) and drain (Figure 1f). Treatment
failure was defined as sinus drainage after reimplantation, a
requirement for revision surgery or amputation.
Radiograph review
Subjects in this study underwent surgery before the hospital
installed PACS (Picture archiving and communication
systems) for viewing radiographs electronically. Thereforeradiograph films were obtained from an off-site arch-
ive. Radiographs were reviewed independently by two
specialist musculoskeletal radiologists blinded to out-
come. Pre-operative radiographs were used to aid ana-
lysis, where available.
Analysis
Statistical analysis was performed using SPSS/PAWS
Statistics 18 and Stata 10. Inter-observer consensus was
evaluated by Kappa score. Binary logistic regression analysis
for the seven variables was performed with correction for
age, gender, and number of previous revisions, and odds ra-
tios calculated with 95% confidence intervals. Significance
was judged to be a P value of less than 0.05. Results were
expressed graphically with GraphPad Prism 5.
Results and discussion
Subject characteristics
66 subjects were identified from our database of which
41 had imaging available to allow inclusion in the study.
Patients had undergone the first stage of revision surgery
between January 1999 and June 2004 and follow-up was
continued until July 2011 or until the endpoint of treat-
ment failure was reached. The range of follow-up was
from 8 months to 11 years and 6 months (mean 7 years
2 months). For the 25 subjects for whom no films were
available, this was because the radiograph packet cover-
ing the period of surgery was not found in the archive
for 19 subjects and because no post first-stage radio-
graph had been performed in the remaining 6 cases. The
post first-stage radiograph was performed on average six
days after the first-stage operation. Pre-operative films
were available for comparison in 33 out of 41 cases.
There were 12 cases and 29 controls. Male gender was
associated with failure (P = 0.028). The number of previ-
ous revisions ranged from 0 to 4, with increasing num-
ber of revisions associated with the outcome of failure in
the logistic regression model (P = 0.02). The subject
characteristics are shown in Table 1. There were no sta-
tistically significant differences between cases and con-
trols for age and site.
Inter-observer consensus
The presence or absence of the seven conditions was
scored independently by the two radiologists. There was
substantial inter-observer agreement, with a Kappa score
of 0.73 (95% CI 0.72-0.74) for all data points collected.
Concordance was 100% for evaluating the presence or
Table 1 Subject characteristics
Condition Number cases Number controls
N = 12 N = 29
‘Age mean years 66.9 70.4
(range) (46–78) (56–87)
Gender Male 10 14
Female 2 15
Joint Hip 4 17
Knee 8 12






The characteristics of the cases and controls the study are displayed.
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with lower consensus for evaluating cement (Kappa 0.60,
95% CI 0.35-0.84) and fractures (Kappa 0.59, 95% CI
0.31-0.87) [Figure 2].
Analysis for prediction of failure
Logistic regression analysis was performed for the seven
conditions adjusting for patient age and gender and
number of previous revisions, with odds ratios calculated
[Table 2, Figure 3]. None of the variables assessed sig-
nificantly predicted failure.
Discussion
We report a case–control study of 41 subjects on the
predictive value of plain film imaging after first-stage re-
vision of infected prosthesis. The study did not find an









Figure 2 Two musculoskeletal specialist radiologists assessed plain ra
of seven features. The inter-observer consensus of the two radiologists isand outcome of implant failure. In particular, the study
did not demonstrate any correlation between increased
risk of failure i.e. reinfection and presence of retained
metalwork or retained cement or retained cement
restrictor. This is contrary to some previously published
reports. McDonald et al. reported on the results of 82
hips which were treated with two-stage revision for in-
fected hip replacement [7]. In particular the authors re-
port on the significantly increased risk of recurrent
sepsis in patients with retained cement at the time of
first-stage revision. The authors also suggest that the
second stage revision surgery i.e. re-implantation should
preferably be postponed for at least one year after the
first-stage revision. Tsukayama et al. reported on 106
infected hip replacements [8] and concluded that the
factors associated with recurrent infection were retained










diographs post first-stage revision for the presence or absence
shown.
Table 2 Analysis for prediction of failure (binary logistic regression)
Condition Number cases Number controls P value Odds ratio(OR) 95% C.I. for OR
N = 12 N = 29 Lower Upper
Metal remaining 1 (8.3%) 0 (0%) 1.0 1 x 1010 0 ∞
New metal 1 (8.3%) 0 (0%) 1.0 1 x 1010 0 ∞
Cement 4 (33.3%) 9 (31%) 0.909 1.134 0.132 9.739
Restrictor 2 (16.7%) 4 (13.8%) 0.404 3.449 0.189 63.108
New fracture 3 (25%) 5 (17.2%) 0.654 0.481 0.020 11.807
Antimicrobial device 1 (8.3%) 3 (10.3%) 0.932 0.865 0.031 24.047
Drain 3 (25%) 4 (13.8%) 0.345 3.108 0.296 32.623
The table displays binary logistic regression analysis performed for seven variables with the outcome of prosthesis failure, with the model adjusted for age,
gender and number of previous revisions.
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infection after arthroplasty without cement. Although
complete removal of all foreign material and postpon-
ing the second intervention as long as possible have
been the gold standard, both these studies were con-
ducted more than 20 years ago and since then signifi-
cant improvements have been made in the diagnosis,
medical treatment and surgical interventions for in-
fected joint replacements. Indeed a recently published
series of 15 infected hip replacement cases managed
with two-stage revision also reported excellent out-
comes despite retention of the original well-fixed
femoral cement mantle [9]. Ability to identify the ap-
propriate organisms as well as treat them adequately
with correct antibiotics has improved. Instead of re-
moving all the retained foreign material, the tendency
by surgeons now is to remove the material which is
loose and/or easily accessible. This is particularly rele-
vant to retained cement as the distinction between
retained cement and bony cortex can at times be very
difficult if not impossible. If the interface between
retained cement and bone is solid i.e. cement is not
obviously loose then one need not remove this cement0 .
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Figure 3 The odds ratios for the presence of each condition compareas invariably this will lead to increased risk of fracture
and prolonged surgical time. Both these risks are asso-
ciated with prolonged surgical time and delayed recov-
ery. The difficulty in identifying retained cement
radiologically is reflected in this variable having one of
the lowest Kappa score in this study for inter-observer
agreement (0.60). It is possible that computed tomog-
raphy imaging (CT) could identify retained cement
more reliably but this is not current practice.
As none of the seven factors studied correlated with a
risk of increased failure, one may question the need for
obtaining plain radiographs after the first-stage revision
surgery. Although the radiographs may not predict suc-
cess or failure of first-stage revision surgery i.e. need for
further debridement for recurrent infection, they still
have a crucial role to play. The radiographs confirm the
placement of cement spacer (if used) and these baseline
radiographs can be compared with subsequent radio-
graphs to ensure that the spacer has not moved out of
position and/or there is no bony erosion. In addition,
the radiographs can demonstrate presence of a fracture
which can inadvertently occur in a porotic bone and this




O d d s R a tio
d to the absence predicting prosthesis failure are shown.
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ence of a retained restrictor may not increase the risk of
infection, their existence should be noted by the treating
surgeon as these retained restrictors may prevent use of
a longer implant during the second stage revision.
The relatively high consensus of opinion for two mus-
culoskeletal radiologists reviewing the radiographs for
seven features is encouraging although it is possible that
this could not be achieved by non-specialist radiologists.
There are certain limitations of this study. This study
has small numbers due to the relatively low rate of fail-
ure following two-stage revision for PJI and therefore
was not powered to detect small effects. However we are
able to conclude that for the management of prosthetic
joint infection there is no increased risk of failure if
retained foreign material is noted on the plain radio-
graphs post first-stage revision surgery. The impact of
type of organism on development of recurrent sepsis has
previously been explored in this population and was not
found to be significant [6].
This study was performed in a university teaching hos-
pital which provides expertise in multi-disciplinary fields
including a dedicated bone infection unit. Our unit gets
tertiary referrals from all over the country and has set al-
gorithms for managing prosthetic joint infection. The
surgeons, the bone infection unit physicians, microbiolo-
gists and radiologists work very closely and this helps in
identifying and following the optimal treatment options
for managing these demanding cases.
Conclusions
This study provides novel data for an under-researched
field and suggests that plain-film radiological evidence of
retained foreign material in our unit does not predict for
failure in two-stage revision arthroplasty. Good consen-
sus of opinion was found between two musculoskeletal
radiologists in assessing radiographs. Although plain ra-
diographs after first-stage revision for infection cannot
predict failure, their use in clinical practice is imperative
as they help the surgeon decide the post-operative man-
agement with particular reference to the mobilization
and extent of weight bearing that can be safely allowed.
Abbreviation
PJI: prosthetic joint infection.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
SD participated in the design and interpretation of the study, coordinated
the study, performed the data analysis and prepared the draft manuscript. JT
and VE performed the radiograph analysis and JT prepared the radiograph
figures. PB participated in the conception, design, conduct, data analysis and
interpretation of the study. HP participated in the data collection and
interpretation of results of the study. IB conceived of the study and oversaw
its design, conduct and interpretation. All of the authors were involved with
the manuscript development, and read and approved the final manuscript.Acknowledgements
SD was an NIHR Clinical Lecturer during the data collection period of
research and currently holds a Wellcome Trust Intermediate Fellowship
[WT100174AIA]. PB is funded by the UK Medical Research Council.
Author details
1Bone Infection Unit, Nuffield Orthopaedic Centre, Oxford University
Hospitals NHS Trust, Oxford, UK. 2Mahidol-Oxford Tropical Medicine Research
Unit, Bangkok, Thailand. 3Department of Radiology, Nuffield Orthopaedic
Centre, Oxford University Hospitals NHS Trust, Oxford, UK. 4Department of
Orthopaedic Surgery, Nuffield Orthopaedic Centre, Oxford University
Hospitals NHS Trust, Oxford, UK.
Received: 9 September 2013 Accepted: 27 August 2014
Published: 10 September 2014
References
1. NIH consensus conference: Total hip replacement. NIH Consensus Development
Panel on Total Hip Replacement. JAMA 1995, 273(24):1950–1956.
2. Harris WH, Sledge CB: Total hip and total knee replacement (1). N Engl J
Med 1990, 323(11):725–731.
3. Zimmerli W, Trampuz A, Ochsner PE: Prosthetic-joint infections. N Engl J
Med 2004, 351(16):1645–1654.
4. Romano CL, Romano D, Meani E, Logoluso N, Drago L: Two-stage revision
surgery with preformed spacers and cementless implants for septic hip
arthritis: a prospective, non-randomized cohort study. BMC Infect Dis
2011, 11:129.
5. De Man FH, Sendi P, Zimmerli W, Maurer TB, Ochsner PE, Ilchmann T:
Infectiological, functional, and radiographic outcome after revision for
prosthetic hip infection according to a strict algorithm. Acta Orthop 2011,
82(1):27–34.
6. Bejon P, Berendt A, Atkins BL, Green N, Parry H, Masters S, McLardy-Smith P,
Gundle R, Byren I: Two-stage revision for prosthetic joint infection: predictors
of outcome and the role of reimplantation microbiology. J Antimicrob
Chemother 2010, 65(3):569–575.
7. McDonald DJ, Fitzgerald RH Jr, Ilstrup DM: Two-stage reconstruction of a
total hip arthroplasty because of infection. J Bone Joint Surg Am 1989,
71(6):828–834.
8. Tsukayama DT, Estrada R, Gustilo RB: Infection after total hip arthroplasty.
A study of the treatment of one hundred and six infections. J Bone Joint
Surg Am 1996, 78(4):512–523.
9. Morley JR, Blake SM, Hubble MJ, Timperley AJ, Gie GA, Howell JR:
Preservation of the original femoral cement mantle during the
management of infected cemented total hip replacement by two-stage
revision. J Bone Joint Surg 2012, 94(3):322–327.
doi:10.1186/1471-2474-15-300
Cite this article as: Dunachie et al.: Radiological features do not predict
failure of two-stage arthroplasty for prosthetic joint infection: a
retrospective case–control study. BMC Musculoskeletal Disorders
2014 15:300.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
